Contamination of vegetables with toxic metals is one of the most important contributing factors to ill health throughout the world, more so because vegetables are considered essential for human health and their consumption is highly recommended by health authorities. The aim of this study was to determine the concentrations of selected essential elements (Fe, Cu, Mn, Mo, Zn) and toxic elements (As, Cd, Cr, Pb) in common vegetables sold for human consumption in supermarkets and open market of Maun village, Botswana. Five vegetables (cabbage, rape, tomatoes, onions and potatoes) were purchased from different selling points, washed with de-ionised water, cut into small pieces and digested with aqua regia on a block digester, following the US. EPA method 200 -7 and analysed for metal content using Inductively Coupled Plasma -Atomic Emission Spectroscopy (ICP-AES). The results showed that concentrations of essential and toxic metals varied with the type of vegetable and also with the market category (supermarket or street vendor). The highest concentration of essential elements was obtained from cabbage with a Zn concentration of 135.4mg/Kg and the lowest was from onion with a Mo concentration of 1.35mg/Kg. For toxic elements the highest concentration was obtained from rape vegetable with a Pb concentration of 4.73mg/Kg and the lowest from the same vegetable with Cr concentration below the detection limit. Also observed was that leafy vegetables, especially cabbage, had the highest concentrations of most trace metals. It was concluded that vegetables sold in Maun had sufficient levels of essential elements but also some had high concentrations of toxic metals. We thus recommend consumption of vegetables from the studied markets with reduced frequency to avoid metal poisoning.
Introduction
Food quality and safety has become a global concern due to contamination of food products with toxins such as pesticides, heavy metals, mycotoxins and other microbiological contaminants (WHO, 2003; Kumar et.al, 2012) . Agricultural produce, free of chemical contaminants is therefore one of the most important aspects of food safety since consumption of food products contaminated with metals may pose health risks to people. The sources of metal contaminants in food such as vegetables occurs through anthropogenic activities like mining, metal and chemical industries, motor vehicle emissions as well as agricultural practices like use of inorganic fertilizers (Das et.al, 2008) .
The contamination of vegetables may also occur from irrigating with sewage and industrial water. These metals accumulate in agricultural soils, taken up by vegetable crops and get transferred to humans through consumption of vegetables. Examples of these trace elements include iron (Fe), copper (Cu), cobalt (Co), arsenic (As), mercury (Hg), gold (Au), silver (Ag) and others (Kumar et.al, 2012) . Some of these elements (Fe, Cu, Ni, Zn) are common in our environment and diet and are actually necessary for good health. However, when they occur in high concentrations, they may cause acute or chronic toxicity (Das et.al, 2008) . Some metals like Pb, Hg, and Cr are toxic even at low concentrations and have been associated with many health issues like cancers, biochemical disorders and diseases of the nervous system (Orisakwe et al., 2012) .
Organization (WHO) as carcinogens while mercury (Hg) and Lead (Pb) are associated with the developmental disorders in children (Sharma et.al, 2008; Singh et al. 2011) . Studies carried out in various countries, investigating the impact of daily intake of vegetables contaminated with toxic metals, showed a strong correlation with prevalence of different types of cancers and other health issues like bone and the nervous system disorders, (Hough et al., 2004; Kumar, et.al, 2012; Türkdoğan et.al, 2003) . The aim of this study was to assess the concentrations of some trace elements (Fe, Cu, Pb, Cr, Cd, As, Mn, Mo, and Zn) in selected vegetables purchased from Maun central market area, in Botswana and assess their safety and potential contribution to good health.
Materials and Methods

Study Area
The study was conducted in Maun, a major town of Ngamiland District in the north west of Botswana (figure 1).
Maun has a population of 60, 263 (CSO, 2011) . The town is located in a tourism destination area, where most tourists pass through and spend some time before proceeding to the famous Okavango Delta. Although there are no chemical or metal industries within the area, use of inorganic fertilizers in commercial arable farming is common. Also, with its relatively high population, exposure to metal contaminants in vegetables needs investigation in order to protect the population from metal poisoning. Vegetables in the markets here are basically from two main sources; local suppliers and imports from South Africa. 
Chemicals and Reagents
All chemicals and reagents used were of analytical grade and purchased from Sigma -Aldrich company (USA). 37% hydrochloric acid (HCL) and 65% nitric acid (HNO 3 ) were used for digestion of the samples. Calibration standards were prepared from single element (1000 ppm) standard solutions of each element analysed. Internal quality control samples were used for quality assurance.
Instrument and Apparatus
Inductively coupled plasma optical emission spectrophotometer (ICP-OES), model Perkin Elmer, Optima 2100 with auto-sampler of model S10 was used for analyzing the trace metals of interest. All glassware were soaked overnight in 0.1 M nitric acid and then rinsed with deionized water to reduce chances of contamination and any other interference.
Sample Collection and Treatment
Vegetables were purchased from street vendors and supermarkets across the main market area of Maun. Names of vegetables purchased are shown in table 1. They were separated and placed into large labelled polyethylene sampling bags and transported to the Environmental laboratory at Okavango Research Institute for analysis. Vegetables were first washed with fresh running water to remove dirt, soil sediments and other surface contaminants as in Shah et al, 2013 . The edible parts (table 1) were then further washed with deionized water, cut into small pieces, and then dried overnight in oven at 40 ⁰C. The dried samples were crushed and ground to powder using a clean mortar and pestle. The ground samples were put in well labelled polyethylene bags and kept at 4 ⁰C awaiting further processing (Mapanda et al., 2005) . 
Sample Digestion and Analysis
Extraction of metals from the samples was done by aqua regia following a method described by Taghipour and Mosaferi, (2013) with minor modifications. About 1.0 ± 0.01 g of the powdered samples were put into labelled digestion tubes to which aqua regia in ratio 3: 1 (12mL of conc. HCl + 4 mL of conc. HNO 3 ) was added. The contents were then mixed by swirling and then covered with digestion tube glass covers and allowed to stand for at least 12 hours in a fume cupboard. The digestion tubes containing the sample solutions were placed on a digestion block under fume-hood and heated at 95 ⁰C for 30 minutes. The samples were then cooled and filtered using a Whatman 47 mm filter paper. The filtrates were topped to 100 mL in volumetric flasks using 0.1 M HNO 3 . An internal control sample (P124) was digested together with the samples. Prior to analysis calibration standard solutions of 1, 3 and 5 ppm for the metals were prepared from 1000 ppm stock solutions by pipetting the required volume into a 100 mL volumetric flask and diluting to the mark using 0.1 M Nitric acid (HNO 3 ). All samples were then analysed in triplicates for presence of trace metals using ICP-OES based on recommended wavelengths.
Statistical Analysis
Statistical analyses were conducted using Sigma Plot software, version 11. Mean and standard error were computed and expressed in mg/Kg dry weight of vegetables.
Results and Discussion
The results obtained from this study are presented in Tables 2 and 3 . The sellers communicated that most vegetables sold by street vendors were grown in small gardens by small scale farmers along the local Thamalakane River. Some of the vegetables sold by these street vendors were actually harvested from their backyard gardens under the government poverty eradication scheme. On the other hand, supermarkets purchased their vegetables from large scale farmers in the country and imports from Zambia, Zimbabwe and South Africa. All potatoes sold by supermarkets were from South Africa. It was observed that distribution of metals in vegetables was not uniform as some vegetables recorded high concentrations of certain metals. This can be attributed to different crops having differing mineral uptake and accumulation and also different agricultural practices. It is also apparent from the results given on Table 2 that vegetables from supermarkets had higher concentrations of essential and toxic elements compared to those from street vendors. These differences were not statistically significant (P>0.05) and they may be due to the fact that commercial farmers tend to opt for intensive production practices, that is use of fertilizers, pesticides and wastewater for irrigation. All these products contain high levels of nutrients and minerals. 
Distribution of Metals in Different Vegetables
Zinc
The concentration of zinc in vegetables collected from street vendors was found to range from 13.24 ± 0.68 mg/Kg in onions to 65.80 ± 6.86 mg/Kg in tomatoes. From supermarkets, zinc concentrations were in the range 17.74 ± 0.15 mg/Kg to 185.12 ± 5.08 mg/Kg in onions and cabbages respectively. In all samples, some vegetables recorded zinc concentration above the permissible limit of zinc in plants, which is 50 mg/Kg (WHO, 2007) . Other studies (Taghipour & Mosaferi 2013 , Harmanescu et al. 2011 and Arora et al. 2008 ) obtained zinc concentration ranges of 10 -50 mg/Kg, 22.7 -138.7 mg/Kg and 21 -46 mg/Kg in Iran, Romania and India respectively in the same type of vegetables and these results are comparable to values obtained in this study. Therefore, based on the determined concentrations of zinc, consumption of 100 g of most vegetables analyzed would provide more than 100% of the daily required amount of zinc for good health shown on Table 4 , hence they are nutritious especially for pregnant and lactating mothers who need at least 14 mg Zn/day. Zinc is known to be a cofactor of many enzymes involved in metabolic pathways and important in cellular growth hence an important trace element for human life. However, overconsumption of the vegetables would be unsafe due to the tendency of zinc interfering with copper metabolism (Umar et al., 2014) . The high concentrations of zinc in vegetables may be associated with rampant use of zinc fertilizers and metal based pesticides (Singh et al., 2010) .
Iron
This study found out that the concentration of iron in vegetables bought from street vendors was in the range 7.98 -122.7 mg/Kg and 17.7 -177.8 mg/Kg for those purchased from supermarkets. The lowest concentration of iron recorded was 7.98 mg/Kg in tomatoes obtained from street vendors while the highest concentration of iron was 177.8 mg/Kg in rape obtained from supermarket stores. The permissible concentration limit of iron in plants is 20 mg/Kg (WHO, 2007) therefore some of the investigated vegetables have concentrations above the permissible limit. A study by Umar et al. (2014) found the mean concentration of iron in onions as 139.383 ± 13 mg/Kg which is higher than the result of this study. Concentration of iron in cabbage was in the range 16 -60 mg/Kg. Iron is important in the human diet as it facilitates the oxidation of fats, proteins and carbohydrates to control body weight which is an important factor in diseases like diabetes. It also plays a pivotal role in the transportation of oxygen around the body. The recommended dietary allowance of Fe is 8 -18 mg/day (FDA, 2001) shown on table 4, therefore; the studied vegetables are able to sustain the daily requirement of Fe in the body for consumption of a 100g portion of vegetables. The vegetables are also suitable for pregnant and lactating mothers who require at least 27 mgFe/day (WHO, 2003).
Copper
The concentration of copper in vegetables collected from the street vendors were in the range 1.14 -14.8 mg/kg of which the lowest concentration (1.14 mg/Kg) was recorded in rape while the highest concentration of 14.8 mg/Kg recorded in tomatoes. On the other hand, concentrations of copper in vegetables obtained from supermarkets ranged between 1.28 -61.93 mg/Kg with the least concentration in tomatoes and the highest still in tomatoes. Concentrations of copper were found in the range of 0.75 -2.00 mg/Kg in tomatoes grown in Glen Valley farms in Botswana (Dikinya & Areola, 2010) . Harmanescu et.al, (2011) found mean concentrations of 1.77 ± 0.23, 1.37 ± 0.14 mg/Kg of copper in cabbage and onions. The permissible limit of copper in plants is 10 mg/Kg (WHO, 2007) and vegetables sold by street vendors were within the limit, except for solanum lycopersicum (14.7 ± 6.09) sold by supermarkets. However, some vegetables, like some cabbages and rape sold by supermarkets were above the permissible limit. The recommended dietary allowance of copper by the Food and Drug Administration (FDA) is 0.7 -0.9 mg/daily for a normal adult body (FDA, 2001) . Therefore, based on the mean concentrations of copper in all analyzed vegetables a 100g portion of vegetables is able to supply the daily required amount of copper to the human body without need for use of supplements. Adequate amounts of copper are needed for a healthy body as it is very vital in the functioning of the liver and kidneys (Arif et al, 2011) .
Manganese
Manganese is an important trace element in the human body. It acts as a catalyst and cofactor in many enzymatic processes involved in the synthesis of fatty acids and glycoproteins which coat body cells and protect against invading pathogens (Umar et al., 2014) . Results of this study found out that in vegetable samples collected from street vendors, the concentration of manganese was in the range 9.05 -95.7 mg/Kg with high concentrations in rape. However, for supermarkets the concentrations were in the range 11.1 -49.9 mg/Kg. Other studies (Harmanescu et al., 2011) obtained concentrations of 4.07 ± 0.5, 10.47 ± 1.5 mg/Kg for onions and cabbages respectively. The recommended dietary allowance for manganese is 1.800 -2.300 mg/day (FDA, 2001 ) and the obtained concentrations shows that the analyzed vegetables can individually sustain the required daily intake on just a 100g portion. Intake of lower than the required amount of manganese can result in manganese deficiency which causes defective muscular coordination and retarded nerve development and function (Liu et al., 2013) .
Molybdenum
Analytical results of this study shows that the concentrations of molybdenum in vegetable samples collected from street vendors were in the range 0.31 -54.6 mg/Kg while vegetable samples collected from supermarkets had concentrations in the range 1.02 -13.7 mg/Kg. The highest concentration of molybdenum in vegetables obtained from street vendors was 54.6 and 52.1 mg/Kg were recorded in rape and tomatoes respectively. The recommended dietary allowance for molybdenum is 34 -45 µg/day (FDA, 2001) . Therefore based on the mean concentrations of each vegetable, it can be noted that consumption of 100 g portion each vegetable would provide more than 100% of the required daily intake. Molybdenum act as a cofactor in certain essential enzymes that play a vital role in carbohydrate metabolism, utilization of iron, sulfite detoxification, and uric acid formation (Balch and Balch, 1990) . It has also been found out that molybdenum works with riboflavin (vitamin B2) to incorporate iron into hemoglobin hence playing a pivotal role in production of red blood cells (Powers, 2003) . Deficiency of molybdenum has been linked to sexual impotence in older males, mouth and gum diseases (Balch and Balch, 1990) . However, according to the Institute of Medicine, Food and Nutrition Board, (2001) excessive amount of molybdenum in the body may result in anemia and low white blood cell counts due to lack of copper as it interferes with copper metabolism.
Lead
Lead is the most recognized toxic environmental pollutant. This has resulted in more studies being carried out to determine its source and effects on humans, hence formulation of stringent regulations like ban of leaded petrol worldwide (Wang, 2005) . Toxic levels of lead have been associated with encephalopathy seizures and mental retardation (Umar et al., 2014) . The results of this study show that vegetable samples collected from street vendors had concentrations of lead in the range 0.37 -2.93 mg/Kg while those from supermarkets the concentration range was 0.52 -8.89 mg/Kg. Some of results were above the FAO/WHO maximum permissible limit that is 2 mg/Kg. Rape and potatoes sold by supermarkets, had high concentrations of lead which was above the permissible limit and therefore regarded unsafe for human consumption. Other studies (Guerra et al. 2012; Harmanescu et al. 2011; Abbas et al. 2010; Yang et al. 2011 ) obtained ranges; 470 -1660 µg/Kg, 4.5 -21.8 mg/Kg, 18 -150 µg/Kg and 6 -16 mg/Kg in Brazil, Nigeria, Pakistan and China respectively.
Chromium
The concentrations of chromium in vegetable samples collected from street vendors were in the range 0.00 -0.48 mg/Kg. The highest concentration (0.48 mg/Kg) was obtained in tomatoes. However, many vegetables obtained from street vendors had chromium levels below the detection level. On the other hand, the concentration range of chromium in vegetable samples collected from supermarkets was 0.00 -7.26 mg/Kg, with highest concentration of 7.26 mg/Kg obtained in rape. Other studies, (Taghipour & Mosaferi 2013; Maobe et al. 2012; Guerra et al. 2012b ) obtained chromium concentrations in the range 0.32 -10.96 mg/Kg, 58 -118 µg/Kg and 7 -43 µg/Kg in Iran, Kenya and Brazil, respectively. The adequate intake of chromium 20 -25 µg/day (FDA, 2001 ) and therefore, some of the vegetables can provide more than the required concentration hence may result in toxic effects. At levels below 105 mg/day (US EPA, 2010), chromium is important for effective insulin activity and DNA transcription (Guerra et al. 2012b ). The maximum permissible limit of chromium in food is 2300 µg/Kg (FAO/WHO, 2003) therefore all vegetables analyzed were regarded as safe for human health as the concentrations of chromium were all below the maximum permissible limit.
Cadmium
Cadmium is a hazardous element which has been associated with various complications like bone de-calcification, renal, membrane and DNA damages (Guerra et al. 2012) . Research studies have found that vegetables contribute about 70% cadmium intake by humans, varying according to the level of consumption (Wagner, 1993 in Rivera-becerril et al. 2002 . Results of this study show that the concentration of cadmium in vegetables collected from street vendors was in the range 0.18 -0.56 mg/Kg while it was 0.19 -1.00 mg/Kg for vegetable samples from supermarkets. Other studies (Dikinya & Areola, 2010; Sharma et al, 2009 ) obtained concentrations in the ranges 0.04 -0.14 mg/L, 0.10 -4.30 mg/Kg in Botswana and India respectively. The permissible limit of cadmium in plants recommended by FAO/WHO is 0.02 mg/Kg. The analyzed vegetables have concentrations above the permissible limit hence regarded as unsafe for human consumption 3.1.9 Arsenic
The concentrations of arsenic in vegetable samples collected from street vendors was in the range 0.24 -45.5 mg/Kg while that of supermarkets was 0.08 -12.0 mg/Kg. Other studies (Baig and Kazi, 2012; Ramirez-Andreotta, 2013 ) obtained concentrations in the ranges; 962 -4810 µg/Kg and 10 -1960 µg/Kg in Pakistan and Arizona in United States of America respectively. The permissible limit by FAO/WHO for arsenic is 100 µg/Kg (Abbas et al., 2010) therefore; most of the analyzed vegetables were unsafe for consumption since the concentrations were above the permissible limits. Arsenic is extremely toxic and long term exposure results in health effects like cardiovascular diseases and diabetes (Abbas et al., 2010; Zhuang et al., 2009 ).
Conclusion
The concentrations of essential trace metals (Zn, Fe, Mn, Mo, Cu) were found to be high enough to meet the recommended daily intake hence it was concluded that vegetables sold in Maun were good for human health and may contribute towards preventing nutritional mineral deficiencies in people who eat vegetables in Maun. Vegetables from supermarkets had higher concentrations of essential metals compared to vegetables from street vendors probably due to intensive use of fertilizers and wastewater for irrigation. In terms of toxic metals (Pb, Cr, Cd, As), concentrations greatly varied between vegetable type and source (vendors and supermarkets).
Vegetables from street vendors generally had lower concentrations of toxic metals compared to the ones obtained from supermarkets. This could still be attributed to intensive use of fertilizers and pesticides by the more sophisticated farmers who supply supermarkets. From the results of this study, the conclusion is that most vegetables from Maun supermarkets have higher concentrations of both essential and toxic metals (above WHO acceptable limits) and therefore must be consumed less frequently to avoid metal poisoning. Vegetables from street vendors have good levels of essential minerals and lower concentrations of toxic metals and therefore can be consumed freely for promoting good health. It is also concluded that leafy vegetables accumulate the highest concentrations of both essential and toxic metals.
